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On the existene of two-dimensional nonlinear steady states
in plane Couette 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The problem of two-dimensional steady nonlinear dynamis in plane Couette ow is revisited
using homotopy from either plane Poiseuille ow or from plane Couette ow perturbed by a small
symmetry-preserving identity operator. Our results show that it is not possible to obtain the non-
linear plane Couette ow solutions reported by Cherhabili and Ehrenstein [Eur. J. Meh. B/Fluids,
14, 667 (1995)℄ using their Poiseuille-Couette homotopy. We also demonstrate that the steady solu-
tions obtained by Mehta and Healey [Phys. Fluids, 17, 4108 (2005)℄ for small symmetry-preserving
perturbations are inuened by an artefat of the modied system of equations used in their paper.
However, using a modied version of their model does not help to nd plane Couette ow solution
in the limit of vanishing symmetry-preserving perturbations either. The issue of the existene of
two-dimensional nonlinear steady states in plane Couette ow remains unsettled.
PACS numbers: 47.20.Ft, 47.15.Fe, 47.20.Ky, 47.27.Cn, 47.27.De, 47.27.N-, 47.32.Ef
I. INTRODUCTION
Even though plane Couette ow is known to be lin-
early stable for all values of the Reynolds number Re,
transition to turbulene is observed experimentally and
numerially at quite modest values of Re ≃ 350 in this
ow
1
. As a onsequene, the quest for nonlinear instabil-
ities has been the subjet of many studies. Sine there is
no diret onnetion between the basi state and poten-
tial nonlinear branhes of solutions, homotopy (ontinu-
ation) from other ows subjet to linear instabilities has
been a very popular method to disover suh branhes.
Exat three-dimensional solutions have been reported by
Nagata
2
using homotopy from linearly unstable rotating
plane Couette ow, by Clever and Busse
3
using homo-
topy from a onvetively unstable plane Couette ow and
by Walee
4, 5
using a foring homotopy. These three-
dimensional states math very well experimental data on
transition to turbulene in plane Couette ow, but other
solutions, inluding two-dimensional ones, may well be
partiipating in phase-spae dynamis and in the transi-
tion proess.
Another kind of homotopy was suggested by Mili-
nazzo and Saman
6
to disover two-dimensional nonlin-
ear solutions in plane Couette ow by onneting the
nonbifurating no-slip plane Couette ow to the no-slip
plane Poiseuille ow, whih beomes linearly unstable at
Re = 5772 (Zahn et al.7, Herbert8). Starting from the
travelling-wave solutions in this ow and progressively
hanging the original bakground ow from a Poiseuille
to a Couette prole, Milinazzo and Saman
6
attempted
to ontinue these solutions to a pure Couette ow, but
they failed to ahieve this goal. Their lak of suess may
have to do with resolution: Cherhabili and Ehrenstein
9
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(hereinafter CE95) used the same approah with more
Fourier modes in the streamwise diretion and laimed to
have identied steady two-dimensional loalized nonlin-
ear solutions for the Couette ow. Cherhabili and Ehren-
stein
10
subsequently omputed the stability of these two-
dimensional steady states and reported the disovery of
three-dimensional nonlinear strutures whih are dier-
ent from those found by Nagata
2
.
Reently, Mehta and Healey
11
(hereinafter MH05) sug-
gested yet another interesting homotopy to ompute two-
dimensional nonlinear states in plane Couette ow. They
argued that the homotopy from Poiseuille to Couette
ow was not symmetry-preserving, so that possible non-
linear states relying on the O(2) symmetry of the Cou-
ette ow might not be found by ontinuation from ows
that do not have this symmetry. Instead, they proposed
a symmetry-preserving homotopy based on small per-
turbations of the linearization of the Couette operator
that auses the least stable eigenvalues of the plane Cou-
ette ow to beome unstable. Doing so, they hoped to
be able to trak the nonlinear branh assoiated with
this bifuration point down to zero perturbation and to
obtain two-dimensional nonlinear states for the unper-
turbed plane Couette ow. For small perturbation pa-
rameters, they disovered steady solutions looking similar
to the solutions of CE95. MH05 notably desribe the nu-
merial appearane of so-alled frozen-waves with phase
speed c = 0 in perturbed Couette ow starting from bi-
furating travelling-wave solutions at Re > 390. CE95
had also notied the numerial appearane of solutions
with c = 0 in their alulations. However, these solu-
tions annot be followed down to zero perturbation (ex-
at plane Couette ow), whih raises the questions of the
existene of the solutions reported by CE95 and of the
onnetions between their ndings and those of MH05.
Considering that the ase is quite unlear, we attempt
to address some of these issues in this study. We rst
revisit the Poiseuille-Couette homotopy problem and ar-
2gue that the solutions obtained by CE95 are spurious.
Then, we larify the nature of the steady solutions found
by MH05 at large Re for small values of their pertur-
bation parameter ε. We show that a diret onnetion
exists between travelling and steady solutions for the per-
turbed ow and demonstrate that their high Reynolds
number steady solutions are inuened by an artifat in
the model that introdues a mean ow eigenmode. We
obtain solutions for small perturbations using a revised
symmetry-preserving homotopy and show that they an-
not be ontinued to non-perturbed plane Couette ow
either. Our results therefore suggest that it is not pos-
sible to identify two-dimensional nonlinear solutions in
plane Couette ow using these two partiular methods.
The paper is organized as folllows. In Se. II, we
formulate the physial problem, desribe the underly-
ing symmetries and present the numerial tehniques
used to ompute nonlinear branhes of solutions. Se-
tions III and IV desribe our eorts to obtain steady
two-dimensional nonlinear plane Couette solutions using
either the Poiseuille-Couette homotopy with the same
proedure as CE95 or the symmetry-preserving homo-
topy of MH05. A short disussion of the results (Se. V)
onludes the paper.
II. EQUATIONS, SYMMETRIES, NUMERICS
A. Physial model and bakground state
In the following, an inompressible uid with kinemati
visosity ν and onstant density ρ taken to be unity
is onsidered. The plane shear ows investigated here
are independent of the streamwise oordinate x and are
bounded by two rigid walls in the shearwise y diretion,
with −d < y < d, where d is hosen as length unit. The
x diretion is taken to be periodi with spatial period
Lx = 2pid/α. A referene veloity Uo is dened and a
mean streamwise pressure gradient −2ν Uo(1−η)/d
2
and
mean streamwise wall veloities UB(y = ±1) = ±η Uo are
imposed in order to maintain the following generi (non-
dimensional) streamwise oriented bakground shear ow:
UB(y) = (1− η)
(
1− y2
)
+ η y . (1)
Here, η is a nondimensional parameter that allows ontin-
uation from plane Poiseuille ow (η = 0) to plane Couette
ow (η = 1). The Reynolds number of the ow, based on
Uo and half of the hannel width, reads Re = (Uod)/ν.
B. Equations
The full non-dimensional veloity eld, denoted by U ,
is deomposed into the original streamwise bakground
ow (UB, 0) and two-dimensional veloity perturbations
denoted by u = (u, v). The orresponding total pressure
is P = PB + p, where p is a pressure perturbation, and
the nondimensional equations governing the evolution of
U and P are the inompressible Navier-Stokes equations
∂t U +U ·∇U = −∇P +
1
Re
∆U , ∇ ·U = 0. (2)
They are supplemented by periodi boundary onditions
in x and by no-slip boundary onditions in y for u and v:
u(x,−1, t) = u(x, 1, t) = v(x,−1, t) = v(x, 1, t) = 0 ,
(3)
For numerial purposes, a Fourier deomposition is used
in the x diretion and a salar equation for the shear-
wise veloity v (or equivalently for a stream funtion ψ)
governing the evolution of the kx 6= 0 modes is solved:(
∂t −
1
Re
∆
)
∆v + P v · (U ·∇U) = 0 , (4)
where P v = −ey ·∇ ×∇× (·). An auxiliary equation
desribing the evolution of the mean streamwise veloity
eld must be solved simultaneously for ompleteness:
Re (∂tu+ ∂yuv) = ∂
2
yu , (5)
where overbars denote x-averaged quantities.
C. Symmetries
Depending on the value of η, this set of equations has
dierent symmetries. For η 6= 1, the only symmetry is
the translation symmetry SO(2)
SO(2) : (x, y)→ (x+ a, y) , (u, v, p)→ (u, v, p) (6)
with a ∈ [0, 2pi/α]. For plane Couette ow (η = 1), an
extra (point) reetion symmetry Z2 is present,
Z2 : (x, y)→ (−x,−y) , (u, v, p)→ (−u,−v, p) . (7)
In that ase, the full ow has the more general O(2) sym-
metry.
D. A symmetry preserving homotopy
An extra symmetry-preserving artiial term propor-
tional to εu, where ε is a small non-dimensional parame-
ter, an be added to the r.h.s. of the original Navier-
Stokes equations (2) in order to ause the least sta-
ble eigenvalue to beome unstable and to perform the
symmetry-preserving homotopy mentioned in the intro-
dution. This tehnique is desribed in detail in MH05.
E. Numeris
The exat two-dimensional nonlinear steady and trav-
elling solutions of Eqs. (3)-(5) presented in the next se-
tions have been obtained thanks to a nonlinear ontinu-
ation ode
12
similar to that of Walee
5
and Wedin and
3Kerswell
13
. Chebyshev olloation on a Gauss-Lobatto
grid in the shearwise diretion and a Fourier represen-
tation in the x diretion are used. Clamped boundary
onditions are implemented using dierentiation matri-
es omputed with the DMSuite pakage
14
. Nonlinear
terms are omputed in physial spae and steady non-
linear equations are solved in spetral-physial-spetral
spae using Newton iteration. A diret LAPACK
solver is alled at eah Newton iteration and dealias-
ing is performed in the x-diretion. Pseudo-arlength
ontinuation
15
is implemented to follow branhes of solu-
tions. The ode has been tested quantitatively by solving
the lassial problem of subritial ontinuation of two-
dimensional travelling waves in no-slip plane Poiseuille
ow
7,8
. The full three-dimensional version (not used
here) also quantitatively reprodues the ontinuation di-
agrams of three-dimensional nonlinear solutions obtained
by Walee
5
in no-slip, non-rotating plane Couette ow
12
.
III. POISEUILLE-COUETTE HOMOTOPY
The Poiseuille-Couette homotopy was rst onsidered
in order to ompute the two-dimensional nonlinear so-
lutions reported by CE95 in plane Couette ow. No
partiular assumption regarding the symmetries of the
solutions was made in order to perform these ompu-
tations and the numerial method employed here opes
with solutions with either zero or non-zero phase speed
(the transformation ∂t = −c ∂x, where c is the phase
speed, is used in the latter ase). All our attempts proved
unsuessful. We simply followed their proedure and
performed ontinuation with respet to η, starting from
two-dimensional nonlinear travelling wave solutions in
Poiseuille ow (η = 0) at Re = 15993, whih orresponds
to the rst ase onsidered by CE95. Continuation urves
for mixed Poiseuille-Couette ow are shown in Fig. 1. For
the maximum aordable resolution and α = 1, a turning
point is found at η ≃ 0.23, therefore it proves impos-
sible to isolate solutions for plane Couette ow. Sine
CE95 found Couette solutions for small α only (albeit
for smaller Re), we tried to perform further ontinuation
with respet to α for various values of η and dierent res-
olutions inluding the maximum resolution used by CE95
(orresponding toNx = 52 in our ode). The results, pre-
sented in Fig. 2, show that it is not possible to identify
plane Couette ow solutions for small values of α either.
The nose of the surfae of solutions in the α − η− wall
shear rate spae is loated at η ≃ 0.5 and α ≃ 0.2 for
Re = 15993, even for rather large streamwise resolution.
This result is similar to Fig. 1 of CE95, who presented
low streamwise resolution solutions down to η = 0.45 for
Re = 15993. As already aknowledged in CE95, it is lear
from the gure that there are onvergene issues at low
α for suh a high value of Re, even with a resolution suh
as (Nx, Ny) = (52, 48). We notably enountered diul-
ties performing the low-α ontinuation at η = 0.45. The
same proedure was onsequently attempted at the less
FIG. 1: Continuation of two-dimensional solutions with α = 1
in mixed Poiseuille-Couette ow (1) as a funtion of η, for
Re = 15993 (blak urves with turning points at η ≃ 0.23
and Re = 7003 (blue online, with turning points at η ≃ 0.13).
Full line: (Nx, Ny) = (52, 48), dashed line (almost undistin-
guishable from full line): (Nx, Ny) = (32, 48), dotted line:
(Nx, Ny) = (6, 48). The non-dimensional wall shear rate
|∂U/∂y|(y = ±1) has been used as a measure of nonlinearity
(for the laminar ow, |∂U/∂y|(±1) = 1). The "gap" at η ≃ 0
results from the existene of a turning point lose to η ≃ 0.02.
resolution-demanding Re = 7003 at whih CE95 found
their Couette ow solutions. The orresponding ontin-
uation urves for mixed Poiseuille-Couette ow are also
shown in Fig. 1. This time, a turning point is found at
η ≃ 0.14 for α = 1. Further ontinuations with respet
to α for various values of η and the same maximum reso-
lution as the one used by CE95 are represented in Fig. 3
and show that it is not possible to identify plane Couette
ow solutions for small values of α either. The nose of the
surfae of solutions in the α− η−wall shear rate spae is
learly loated at η ≃ 0.14 and α ≃ 1 for Re = 7003.The
same proedure was nally attempted for even smaller
values of Re and led to similar negative results.
The main trend is therefore that it seems possible to
reah solutions with lower η with inreasing Re, but it is
lear from our results that no η = 1 solution an be found
for the range of Re investigated by CE95. Sine only very
little information is given on their preise proedure to
obtain two-dimensional solutions, it is atually very hard
to gure out where the problem ould ome from in their
results. We originally thought that aliasing errors may
be present in their alulations, but sine the numeri-
al method used by CE95 is fully spetral, their results
should not in priniple suer from this problem, at least
in the streamwise diretion. One possibility would be
that their error tolerane for the Newton algorithm was
not small enough. In the present alulations, onver-
gene was onsidered to be ahieved for an error smaller
than 10−7 in energy and a preision of 10−9 was reahed
4FIG. 2: Continuation of two-dimensional solutions (Re =
15993) in mixed Poiseuille-Couette ow (1) as a funtion of α
for η = 0.17 (blak urves with the largest α values), η = 0.23
(blue online, urves entered on α ≃ 0.5), η = 0.45 (red online,
narrow urves at low α. Full line: (Nx, Ny) = (52, 48), dashed
line: (Nx, Ny) = (32, 48), dotted line:(Nx, Ny) = (6, 48). So-
lutions for Nx = 6 do not extend to η = 0.45 and the orre-
sponding red dotted urve at α ≃ 0.2 is for η = 0.4. Note the
onvergene problems at low α for (Nx, Ny) = (32, 48) and
(Nx, Ny) = (52, 48).
in many ases. To onlude this setion, it is worth not-
ing that the Milinazzo and Saman
6
and CE95 homo-
topy (1) is only a partiular hoie of Poiseuille-Couette
homotopy, and that more general transformations from
one ow to the other, e. g.
UB(y) = (1− f(η))
(
1− y2
)
+ g(η) y , (8)
where f and g satisfy the right end onditions, may lead
to dierent results. This kind of behaviour has notably
been reported in Taylor-Couette ow by Ruklidge and
Champneys
16
, who disovered that a onnetion between
solutions for two dierent sets of boundary onditions
was only possible in their problem for some speial ho-
motopy hoies.
IV. SYMMETRY-PRESERVING HOMOTOPY
Motivated by the apparent similarities between the
steady solutions of CE95 and those that MH05 ob-
tained for small values of their perturbation parameter
ε, we then onsidered the problem of nding steady two-
dimensional nonlinear solutions in plane Couette ow
(η = 1) using the homotopy proposed by MH05 and
parameters similar to those used in their alulations.
An ε symmetry-preserving identity perturbation was in-
luded in the equations for that purpose. As mentioned
in Se. II, this auses the least stable eigenvalue of the
FIG. 3: Continuation of two-dimensional solutions (Re =
7003) in mixed Poiseuille-Couette ow (1) as a funtion of
α for η = 0.05 (blak, family of large urves), η = 0.12 (blue
online, family of medium size urves), η = 0.132 (red on-
line, family of small urves orresponding to the nose of the
surfae of solutions). Full line: (Nx, Ny) = (52, 48), dashed
line (undistinguishable from full line urves): (Nx, Ny) =
(32, 48), dotted line:(Nx, Ny) = (6, 48). The results for
(Nx, Ny) = (52, 48) presented here are also undistinguishable
from those (not shown here) obtained for the same resolution
(Nx, Ny) = (52, 28) as that used by CE95.
Couette ow to beome unstable. For Re > 375 and
α = 0.2, the bifuration is of the Hopf type, while for
Re < 375 and the same α, the bifuration is steady. In
the latter ase, for an identity perturbation with ε > ε0,
where ε0 ≃ 0.0456, the eigenvalue rosses the imaginary
axis for two values of Re (see MH05), leading to two
dierent branhes of steady nonlinear solutions (Fig. 4).
MH05 showed that steady branhes with ε < ε0 an-
not be omputed diretly beause they redue to a single
point at ε = ε0 and Re ≃ 270 (see their Fig. 11). Never-
theless, as noted in their paper, there is a onnetion be-
tween low Re branhes with ε > ε0 and high Re branhes,
inluding some with ε < ε0. For instane, a solution at
ε = 0.04 (dashed line) an be obtained by reduing ε,
starting from a high energy solution at ε = 0.05 and
Re ≃ 360. The assoiated ε = 0.04 steady branh an
then be ontinued to large values of Re and transformed
into high Re branhes with dierent values of ε.
In Fig. 4, a travelling branh at ε = 0.04547 is also
plotted. This branh onnets to a steady high Re branh
with the same ε at Re = 500. The presene of suh a trav-
elling branh, whih was disovered by performing on-
tinuation with respet to ε in a range of Re where steady
branhes of solutions also exist, onrms the ndings of
MH05 that travelling solutions bifurating at Re > 375
an turn into steady solutions by hanging ε at xed Re.
Fig. 5 shows a typial ontinuation with respet to ε that
laries this onnetion. Continuation in this gure is
5FIG. 4: Bifurations and nonlinear ontinuation of two-
dimensional solutions of the ε-perturbed plane Couette ow
of MH05 with α = 0.2, ε = 0.05 (full line), ε = 0.04
(dashed line) and ε = 0.04547 (dotted and dash-dotted lines).
(Nx, Ny) = (32, 48) has been used (the results of some of these
omputations done at (Nx, Ny) = (52, 48) are undistinguish-
able from those at Nx = 32). All solutions are steady exept
for the dash-dotted line branh at ε = 0.04547 (dash-dotted,
red online), for whih the phase speed reahes 0 when it meets
the dotted steady branhes. The vertial dash-triple dotted
line orresponds to the path followed in the ontinuation pre-
sented in Fig. 5. Continuation was stopped at large energy
(strong nonlinearity) due to insuient numerial resolution.
FIG. 5: Nonlinear ontinuation of two-dimensional solutions
of the ε-perturbed plane Couette ow of MH05 with respet
to ε, for α = 0.2, Re = 500 and (Nx, Ny) = (32, 48). The
dashed line orresponds to the phase speed of the solutions
and the full line to their kineti energy. The starting point
of the ontinuation orresponds to the Hopf bifuration of
the perturbed Couette ow, whih ours at ε = 0.05358 for
Re = 500. Continuation was stopped at large energy (strong
nonlinearity) due to insuient numerial resolution.
FIG. 6: Bifurations and nonlinear ontinuation of steady
two-dimensional α = 0.2 solutions of the ε-perturbed plane
Couette ow without the artifat mean ow perturbation for
ε = 0.05 (full line), ε = 0.05358 (dashed line) and ε = 0.04547
(dash-dotted line) when the ε perturbation term is added to
the kx 6= 0 part of the equations only. (Nx, Ny) = (32, 48).
Continuation was stopped at large energy (strong nonlinear-
ity) due to insuient numerial resolution.
done along the line Re = 500 represented in Fig. 4. One
nds that there are in fat two travelling branhes of so-
lutions with the same kineti energy and opposite phase
speed. These solutions merge at ε = 0.04547 and trans-
form into a family of nonlinear steady solutions whih
orresponds to a ut at xed Re of the surfae of solu-
tions in the Re−ε−amplitude spae. We onjeture that
this behaviour is a reminisene in the nonlinear regime
of the ollision between the rst two real eigenvalues of
the linear problem and their subsequent splitting into
a omplex onjugate pair (see MH05 for full details re-
garding the linear problem). Note nally that Fig. 5 is
in qualitative agreement
18
with Fig. 6 of MH05.
The behaviour of steady solutions at large Re suggests
that solutions with smaller and smaller values of ε an
be found provided that Re is inreased suiently. How-
ever, a areful examination of Fig. 4 reveals the presene
of intriguing double bifurations at large Re (see for
instane the losed loop in dotted line emanating from
the lled blak irle at Re = 868.2 and ε = 0.04547)
that are not predited by standard linear stability anal-
ysis for innitesimal veloity perturbations with a single
wavenumber α 6= 0 (this also ours in Fig. 12 of MH05).
This behaviour an be explained as follows. Consider the
equation for the perturbed mean ow
Re (∂tu+ ∂yuv) = ∂
2
yu+ εReu, (9)
supplemented by the set of boundary onditions (3) on
u. Eigenmodes of the linearized version of this equation
6FIG. 7: Nonlinear ontinuation of steady α = 0.2 two-
dimensional solutions of the ε-perturbed plane Couette ow
without the artifat mean ow perturbation as a funtion
of ε, for Re = 1000 (full line), Re = 2500 (dotted line),
Re = 9 000 (dashed line) and Re = 30 000 (dash-dotted line).
(Nx, Ny) = (32, 48).
take on the form
u = A sin(npiy), (10)
and their growth rate γ is given by
γ = ε− (npi)2/Re . (11)
These linear modes have no self-interations, therefore
they are also exat steady solutions of the fully nonlinear
equations for any amplitude A when εRe = (npi)2. For
n = 2, we preisely obtain the bifuration points observed
in Fig. 4 at Re = 868.2 for ε = 0.04547 and at Re =
789.6 for ε = 0.05, whih hints that these mean ow
modes partiipate in the dynamis of high Re solutions
desribed earlier. Note that the original idea of MH05
was to introdue an ε perturbation in order to ause the
least stable eigenmode of Plane Couette ow with kx = α
to bifurate, not to inuene the whole dynamis of the
ow inluding that of the kx = 0 Fourier mode.
It is therefore natural to ask whether or not high Re,
low ε branhes survive when the artiial mean ow
eigenmode is removed, and if solutions with ε = 0 an
be found subsequently. Thanks to the way the problem
has been set-up numerially in this study, it is straight-
forward to get rid of this model artefat by adding the
ε perturbation in Eq. (4) but not in Eq. (5). Fig. 6
shows that branhes of solutions at small Re omputed
with the orreted model look similar to those in Fig. 4,
whih were obtained with the original MH05 model. The
main dierene is for the lowest Re branh represented in
these gures, whih is superritial in the MH05 model
whereas it is subritial when the mean ow perturba-
tion is removed. A onnetion with high Re branhes is
also found in the orreted model, but in that ase the
branhes do not bifurate at some ε-dependent ritial
Re, even though they have a rather low kineti energy at
large Re. In order to disover nonlinear plane Couette
ow solutions, we nally attempted to ontinue solutions
obtained at a given Re with respet to ε. This ontin-
uation is presented in Fig. 7 for dierent values of Re.
The amplitude of the solutions is seen to asymptote to
innity in the limit of vanishing ε for all seleted values
of Re. The natural onlusion is that no two-dimensional
nonlinear solutions an be found for plane Couette ow
using this homotopy tehnique.
V. CONCLUSIONS
The results presented in this study tend to show that
one annot identify steady nonlinear two-dimensional so-
lutions in plane Couette ow using either the Poiseuille-
Couette homotopy of CE95 or the ε-perturbation homo-
topy suggested by MH05. We have been unable to reover
the solutions reported by CE95 and have pointed out
that they may be spurious. It is therefore also likely that
the results of Cherhabili and Ehrenstein
10
suer from
the same problem. Other more general homotopies like
Eq. (8) may however be helpful to disover a onne-
tion between Poiseuille and Couette ow. The steady
solutions obtained by MH05 at large Re and small ε
values were shown to be inuened by an artifat of
the perturbed equations, however using a revised ver-
sion of their model did not help disovering new solu-
tions for plane Couette ow beause the orreted solu-
tions found at small ε asymptote to innite amplitude in
the ε = 0 limit. This leaves the issue of the existene
of two-dimensional nonlinear solutions in plane Couette
ow unsettled. Another interesting avenue of investiga-
tion would be to onsider the fate of the invisid solutions
disovered by Kida
17
in a uniform unbounded shear ow
when a small amount of visosity is added. The relevane
of this type of solutions to wall-bounded ows is however
quite unlear.
To onlude, it is worth pointing out that disover-
ing nonlinear two-dimensional solutions in plane Couette
ow is also relevant to the problem of the nonlinear sta-
bility of linearly stable swirling ows. Indeed, plane Cou-
ette ow with onstant (spanwise) rotation an be used
as a loal model of dierentially rotating ows. Sine
two-dimensional inompressible dynamis in plane Cou-
ette ow is not aeted by the presene of a Coriolis
fore assoiated with a rotation vetor perpendiular to
the (x, y) plane, possible two-dimensional nonlinear so-
lutions in non-rotating plane Couette ow would also be
solutions in plane Couette ow with onstant spanwise
rotation for any rotation regime, inluding entrifugally
stable antiyloni regimes for whih no purely hydrody-
nami solutions are urrently known at all
12
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